UNIT II GEOMETRIC DESIGN OF HIGHWAYS 

PART -A 

1. List any four types of medians adopted for Highways (with sketches) 
[N/D 2015] 

In highways with divided carriageway, a median is provided between 
two sets of traffic lanes intended to divide the traffic moving in opposite 
directions. The median is also called or traffic separator. 

Traversable 
o Flush 

* Non traversable 
o Barrier 
o Deterring 

2. Draw a typical Transition Curve and mark all its zones. [N/D 2015] 
[N/D 2019] 
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3. What are the elements involved in Highway Geometric Design? 
[A/M 2016] 

Geometric Design of highways deal with following elements: 

i. Cross sectional elements 

ii. Sight distance considerations 

iii. Horizontal alignment details 

iv. Vertical alignment details 

v. Intersection elements 

4. What is meant by extra widening at curves? [A/M 2016] 

What is meant by widening of pavement on horizontal curves? 
[A/M 2018] 

An automobile such as car, bus or track has a rigid wheel base and only 
the front wheels can be turned. When the vehicle takes a turn to negotiate a 
horizontal curve, the rear wheels do not follow the same path as that of front 
wheels. This phenomenon is called ‘off tracking’. This means that if inner front 
wheel takes a path on the inner edge of a pavement at a horizontal curve, inner 
rear wheel will be of the pavement on the inner shoulder. So that widening of 
pavement needed in curves. 

5. What are the fundamental principles of alignment? [N/D 2016] 
[A/M 2019] 

The following factors, such as technical, obligatory, economy and other 
considerations control the highway alignment. 

i. Traffic 

ii. Geometric Design 

iii. Obligatory Points 

iv. Economy and 
Other Considerations 


v. 



6. What are the type of sight distance? [N/D 2016] [A/M 2019] 

Three types of sight distance situations are considered in the design: 

a) Stopping sight distance (SSD) or absolute minimum sight distance 

b) Safe overtaking sight distance (OSD) or passing sight distance 

c) Safe sight distance for entering into uncontrolled intersections. 

7. What is maximum and minimum super - elevation? [A/M 2017] 

Maximum Super Elevation 

As per equation of super elevation, the value of super elevation needed 
increase with increase in speed and with decrease in radius of curve, for a 
constant or maximum value of coefficient of lateral friction T. From the 
practical view point it will be necessary to limit the maximum allowable super 
elevation to avoid very high values of ‘e\ This is particularly necessary when 
the road has to cater for mixed traffic, consisting of fast and slow traffic. The 
IRC has fixed the maximum limit of super elevation in plain and rolling 
terrains and in snow bound areas such as 7% or 0.07 taking such mixed traffic 
into consideration. 

Minimum super elevation 

From the drainage considerations it is necessary to have a minimum 
cross slope to drain the surface water. If the calculated super elevation from 
the equation of super elevation works out to be equal to or less than the camber 
of road surface, then the minimum super elevation to be provided on horizontal 
curve may be limited to the camber of surface. 

8. What are overtaking zones? [A/M 2017] 

It is desirable to construct highways in such a way that the length of 
road visible ahead at every point is sufficient for safe overtaking. This is seldom 
practicable and there may be stretches where the safe overtaking distance 
cannot be provided. In such zones where overtaking or passing is not safe or is 



not possible, sign post should be installed indicating “No Passing” or 
“Overtaking prohibited” before such restricted zones start. However 
overtaking opportunity for vehicle moving at design speed should be given at 
as frequent intervals as possible. These zones which are meant for overtaking 
is called ‘overtaking zones’. 

9. State the merit and demerit of parabolic camber. [N/D 2017] 

Merits 

Parabolic cambers are designed for fast moving highways. 

~ A favorable condition for overtaking operation is provided due to the 
curved cross slope. 

* As the slope increases outward to the road edge, the flow of water away 
from the pavement is enhanced. 

Demerits 

~ One disadvantages of parabolic cambers is that are very difficult to 
construct. 

10. Find the super elevation on a horizontal circular curve of 150 m radius 
for design speed of 65 kmph with a coefficient of friction 0.15. 
[N/D 2017] 

Given Data 

Radius of Circular curve (R) = 150 m 

Design Speed (V) = 65 Kmph 

Coefficient friction (f) = 0.15 

Solution 

V 2 

e + f = - 

J Y27R 



65 2 


e + 0.15 


127 x 150 


0.222 


e = 0.222 - 0.15 = 0.072 


Super Elevation (e) = 0.072 

11. Define camber. [A/M 2018] 

Camber or Cross slope is the slope provided to the road surface in the 
transverse direction to drain off the rain water from the road surface. Drainage 
and quick disposal of water from the pavement surface by providing cross slope 
or camber is important. 

12. What are the types of curves in highway geometric design and write 
any two salient features of any one curve? [N/D 2018] 


Types of Curves 


i. Horizontal Curve 

ii. Vertical Curve 

13.With neat sketches show the typical cross section of any one urban 
roads as per Indian Road Congress (IRC) standards. [N/D 2018] 
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14. Differentiate between Right of Way and Carriage Way. [N/D 2019] 

Right of Way 

Right of way or road land is the area of land acquiring along the road 
alignment by the highway orientation. When the load has constructed, there 
are chances of development along its routes and chances of widening of roads 
in future. Hence the required width of land has to be acquired in the initial 
stage considering the future development and future expansion. 

Carriage Way 

The number of traffic lanes will decide the width of pavement or width 
the carriage way and the width of the traffic lane is defined as the longitudinal 
strip of the carriage way for the safe movement of vehicle. 



PART -B 

1. Calculate the Super - elevation to be provided for a horizontal curve 
with a radius of 400 m for a design speed 100 kmph in plain terrain. If 
super - elevation is restricted to 0.07 calculate the coefficient of 
lateral friction mobilised. [N/D 2015] 

Given Data 

Radius of Curve (R) = 400 m 

Design Speed (V) = 100 kmph 

Find 


Super elevation (e) = ? 

Coefficient of lateral friction (f) =? (If super elevation restricted to 0.7) 
Solution 


Super elevation is designed for 75% of design speed 


Super elevation (e) 


V 2 _ 100 2 

225 R ~ 225 x 400 


0.111 


As the value is greater than the maximum permissible super elevation 
of 0.07, the actual super elevation to be provided restricted to 0.07. 


Check for coefficient of lateral friction developed for full speed, 
V = 100 kmph, 


/ = 


V 2 

127 R 


f = 


100 2 

127 x 400 


-0.07 = 0.126 


As the value is less than 0.15, Hence the design super elevation = 0.07. 



2. Calculate the safe stopping distance while travelling at a speed of 100 
kmph on a level road. Assume all other data as required. [N/D 2015] 

Given Data 

Design Speed (V) = 100 kmph 

Assume all other data as required. 


Find 

Safe Stopping Distance (SD) = ? 

Solution 

Safe stopping distance on level road 

V 2 

SD (m) = 0.278ht + —— : 

254/ 

Assume, 

Reaction time of driver (t) = 2.5 sec. 

Design friction coefficient (f) = 0.35 

, ( ioo 2 \ 

SD = (0.27 X 100 x 2.5) + ^ 254 ”x~ 035 J 
SD = 69.5 + 112.485 = 181.985 m 

Therefore, 


Stopping Sight Distance (SD) 


181.985 m. say 182 m 



3. Draw the various components of Overtaking Sight distance on a 
straight stretch of a highway and explain each zone. [N/D 2015] 

Overtaking requirement 

* If all the vehicles travel along a road at the design speed, then 
theoretically there should be no need for any overtaking. 

* In fact all the vehicles do not move at the design speed as each vehicle 
driver is free to travel at lower speeds and this particularly true under 
mixed traffic conditions. 

In such circumstance, it is necessary for fast moving vehicles to overtake 
or pass the slow moving vehicles. 

The minimum distance open to the vision of the driver of a vehicle 
intending to overtake slow vehicle ahead with safety against the traffic 
of opposite direction is known as the ‘minimum overtaking sight 
distance’ (OSD) or the ‘safe passing sight distance’ available. 



Factors on which overtaking sight distance depends 

Some of the important factors on which the minimum overtaking sight 
distance required for the safe overtaking maneuver depends are: 

a) Speed of (i) overtaking vehicle (ii) overtaken vehicle and (iii) the vehicle 
coming from opposite direction, if any 

b) Distance between the overtaking and overtaken vehicles; the minimum 
spacing between the vehicles depends on the speeds. 

c) Skill and reaction time of the driver 

d) Rate of acceleration of overtaking vehicles 




e) Gradient of the road, if any 


Simple overtaking process on a two lane highway with two way traffic 
movement 

• Vehicle A travelling at the design speed v m/sec or V kmph desires to 
overtake another slower vehicle B moving at a speed of Vb m/sec or Vb 
kmph. 

The vehicle A has to accelerate, shift to the adjacent right side lane, 
complete the overtaking manoeuver and return to the left lane, before 
the on — coming vehicle C approaches the overtaking stretch as shown 
in below figure. 



The overtaking manoeuver may be split up into three operations, thus 
dividing the overtaking sight distance, OSD into three parts, di, d 2 , 
and d.3. 

V di is the distance (m) travelled by the overtaking vehicle A during 
the reaction time t (secs) of the driver, from position Ai to A 2 
before starting to overtake the slow vehicle B 

V d 2 is the distance (m) travelled by the vehicle A during the actual 
overtaking operation during T (secs) from position A2 to A3. 

V d 3 is the distance (m) travelled by oncoming vehicle C during the 
actual overtaking operation of A during T (secs) from position Ci 
to C 2 . 

Thus a 2 — lane road with 2 - way traffic the overtaking sight distance, 
OSD = di + d 2 + d3 (m). 





4. List and draw the various Vertical Curves adopted in Highways. [N/D 
2015] 

Vertical Curves 

Vertical curves are provided in elevation of change of gradients. These 
curves are convex when two gradients meet a ‘summit’ and concave when they 
meet at ‘sag’. 

Types of Vertical Curves 

Following are the two types of vertical curves. 

i. Summit curves 

ii. Valley curves 

Summit Curves 

Summit curves are defines as the convex type of vertical curves, when 
two grades meet a ‘summit’. 

When a fast moving vehicle is travelling along a summit curve, the 
centrifugal force acts upwards against gravity and hence a part of the pressure 
on the tyres and spring of the vertical is relieved. The deviation angle on roads 
is quite small and hence, the problem causing discomfort to the passengers 
does not arise seriously on summit curves. However, adequate sight distance 
should invariably be provided on the summit curves to grant and to avoid 
contacts. The summit curves are as shows in below figures. 

Summit curves are introduced at, 

• A positive grade meets a negative grade 

A positive grade meets another smaller positive grade. 

• A positive grade meets a level stretch 

• A negative grade meets a steeper negative grade. 




Valley curves 

Valley curves are defined as the concave type of vertical curves, when 
two grades meet ‘sag’. 

The centrifugal force generated by the vehicle moving on valley curve 
acts in the same direction as the weight of the vehicle. The length of the vertical 
curve depends upon the algebraic difference by the rate of change of grade. The 
below figure shows the valley curve. 

Valley curves introduced at, 

a) A negative grade meets a positive grade 

b) A negative grade meets a smaller negative grade 

c) A negative grade meets a level stretch 

d) A negative grade meets a steeper positive grade. 

















Sight distance required by drivers applies to both geometric design of highways 
and for traffic control. Three type of sight distance situations are considered in 
the design: 

a) Stopping sight distance (SSD). 

b) Safe overtaking distance (OSD). 

c) Safe sight distance for entering into uncontrolled intersections. 

Factors on sight distance depends 

The sight distance available to a driver travelling on a road at any instance 
depends on the following factors: 


a) Factors of the road ahead 

b) Height of the driver’s eye above the road surface 

















c) Height of the object above the road surface 
Factors on which stopping sight distance depends 

The distance within which a motor vehicle can be stopped depends upon the 
factors listed below: 

a) Total reaction time of the driver 

b) Speed of vehicle 

c) Efficiency of brakes 

d) Frictional resistance between the road and tyres 

e) Gradient of the road, if any 

Total reaction time of the driver 

Reaction time of the driver is the time taken from the instant the object 
is visible to the driver to the instant the brakes are effectively applied. The 
stopping distance increases with increase in reaction time of the driver. The 
total reaction time, t may be split up into two parts (i) perception time, (ii) 
brake reaction time. The ‘perception time’ is the time required for a driver to 
realize that brakes must be applied. The perception time varies from driver to 
driver and also depends on several other factors such as the distance of object 
and other environmental conditions. The ‘brake reaction time’ also depends on 
several factors including the skill of the driver, the type of the problems and 
various other environmental effects. 

Speed of vehicle 

The stopping distance depends very much on the speed of the vehicle. 
First, during the total reaction time of the driver the distance moved by the 
vehicle will depend on the speed. Second, the braking distance or the distance 
moved by the vehicle after applying brakes. Hence it is evident that higher the 
speed, higher will be stopping distance. 



Efficiency of brakes 

The braking efficiency is said to be 100 percent if the wheels are fully 
locked preventing them from rotating on application of brakes. This will result 
in 100 percent skidding which is normally undesirable, except in utmost 
emergency. Also skidding is considered to be dangerous, as it is not possible for 
the driver to easily control a vehicle after it starts skidding. Hence to avoid 
skid, the braking forces should not exceed the frictional force between the road 
and tyres. 

Factors on which overtaking sight distance depends 

Some of the important factors on which the minimum overtaking sight 
distance required for the safe overtaking manoeuvre depends are: 

a) Speeds of (i) overtaking vehicles (ii) overtaken vehicle and (iii) the 
vehicle coming from opposite direction, if any 

b) Distance between the overtaking and overtaken vehicles; the minimum 
spacing between vehicles depends on the speed 

c) Skill and reaction time of the driver 

d) Rate of acceleration of overtaking vehicle 

e) Gradient of the road, if any 

6. The design speed of a highway is 80 kmph. There is a horizontal curve 
of radius 200 nm on this road. If maximum super elevation of 1 in 15 is 
not to be exceeded calculate the maximum allowable speed on the 
curve. Also determine the extra widening required and length of the 
spiral transition curve using the following data. Length of the wheel 
base = 6.1 m, Pavement Width = 7.2 m and number of lanes = 2. Rate of 
introduction of super elevation is 1 in 200. [A/M 2016] [A/M 2019] 



Given Data 


Design speed of Highway (V) = 80 kmph 

Radius of Curve (R) = 200 nm 

Maximum Super elevation (e) = 1 in 15 = 0.067 

Length of Wheel Base (/) = 6.1 m 

Pavement Width = 7.2 m 

Number of lanes = 2 

Rate of Super Elevation = 1 in 200 

Solution 

Neglecting the coefficient of friction, the equilibrium super — elevation 

V 2 

B ~ 127 R 

For e = 1/15 = 0.067 and R = 200 m 

V 2 = 127 R x e x n = 127 x 200 x 0.067 x 2 = 3403.6 


Maximum allowable speed (F) = 58.340 kmph 
Extra Widening required, w e — w m + w ps 


w e 


nl 2 i V 
2 R + 9.5V« 


2 x 6.1 2 i 58.340 
2 x 200 + 9.5V200 


0.1861 + 0.596 


Extra Widening w e = 0.782m 


ne 200 x 15 

Lenqth of Transistion Curve, L — —— — ———— - 30m 
B 1 100 100 



7. Describe briefly about gradients and its types. [N/D 2016] [A/M 2018] 
[N/D 2019] 

Gradient is the rate of rise or fall along the length of the road with 
respect to the horizontal. It is expressed as a ratio of 1 in x (I vertical unit of x 
horizontal units). The gradient is also expressed as a percentage, such as n%, 
the slope being n vertical units to 100 horizontal units. 

Types of gradient 

Gradients are divided into four categories: 

i. Ruling gradient 

ii. Limiting gradient 

iii. Exceptional gradient 

iv. Minimum gradient 

Ruling gradient 

Ruling gradient is the maximum gradient within which the designer 
attempts to design the vertical profile of the road. 

• Gradients up to the ruling gradient are adopted as a normal course in 
design of vertical alignment and accordingly the quantities of cut and 
fill are decided. 

~ Hence ruling gradient is also known as ‘design gradient’. 

~ Flatter gradients may be preferred where ever practicable. 

The selection of ruling gradient for the purpose of design is a complex 
job as several factors such as type of terrain, the length of the grade, the 
speed, pulling power of different types of vehicles and presence of 
horizontal curves are to be considered. 

The IRC has recommended ruling gradient values of: 

a) 1 in 30 on plain and rolling terrain 

b) 1 in 20 on mountain terrains 

c) 1 in 16.7 on steep terrains 



Limiting gradient 


Where topography of a place compels adopting steeper gradient than the 
ruling gradient, ‘limiting gradient’ is used in view of enormous increase 
in cost in constructing roads with gentle gradient. 

* However the length of continuous grade line steeper than ruling 
gradient should be limited. 

* On rolling terrain and on hill roads, it may be frequently necessary to 
exceed ruling gradient and adopt limiting gradient; but care should be 
taken to separate such stretches of step gradients by providing either a 
level road or a road with easier grade. 

Exceptional gradient 

* In some extra ordinary situations it may be unavoidable to provide still 
steeper gradients than limiting gradient at least for short stretches and 
in such cases the steeper gradient up to ‘exceptional gradient’ may be 
provided. 

However the exceptional gradient should be strictly limited only for 
short stretches not exceeding about 100 m at a stretch. 

Minimum gradient 

~ The road can be level, with little or no gradient. 

* In such case there will be problems of drainage. 

The surface water can be drained off to the side drains by providing 
proper camber on the pavement surface and cross slope on the 
shoulders, a certain longitudinal slope is essential, to drain the water 
along the side drains depending on the surface of the drains. 

~ A minimum gradient of about 1 in 500 may be sufficient to drain water 
in concrete drains or gutter. 

The maximum values of ruling, limiting and exceptional gradients 

recommended by the IRC in different terrains are given in below table: 



Type of terrain 

Ruling 

gradient 

Limiting 

gradient 

Exceptional 

gradient 

Plain or rolling 

3.3 percent 

(1 in 30) 

5 percent 

(1 in 20) 

6.7 percent 

(1 in 15) 

Mountainous terrain, and steep 

terrain having elevation more than 

3,000 m above the mean sea level 

5 percent 

(1 in 20) 

6 percent 

(1 in 16.7) 

7 percent 

(1 in 14.3) 

Steep terrain up to 3,000 m height 

6 percent 

7 percent 

8 percent 

level above mean sea level 

(1 in 16.7) 

(1 in 14.3) 

(1 in 12.5) 


8. A road has a total width of 7.5 m including extra widening on curve 
design speed of 60 kmph. Calculate the length of transition curve and 
shift on this curve of 200 m radius. Allowable super elevation is 1 in 
150 and pavement is rotated about center line. [N/D 2016] [N/D 2019] 

Given Data 

Total width of pavement (including extra widening) = 7.5m 

Design speed (V) = 60 kmph 

Radius of Curve (R) = 200 m 

Rate of introduction of super elevation (1 in N) = 1 in 150 

Find 


Length of transition curve (L s ) = ? 

Shift on curve (S) = ? 

Solution 

Length based on allowable rate of centrifugal acceleration. C 


80 _ 80 
75 + V ~ 75 + 60 


0.592 m/sec 3 




As the value of C is between 0.5 and 0.8; C = 0.592 is accepted. 

, 0.0215V 2 0.0215X60 2 

Length of transition curve (L s ) =-—-= _ —rrrrr =39.22m 


CR 


0.592x200 


Length by allowable rate of introduction of super elevation (E) 

V 2 60 2 


Super elevation (e) = 


225R 225x200 


= 0.8 


As the value is greater than the maximum allowable rate of 0.07, limit 
the value of e = 0.07. Check the safety against traverse skidding by finding the 
friction coefficient developed. 


f= 


V 2 


60 " 


-e= 


127R 127x200 


0.07=0.071 


As the friction coefficient developed at the design speed of only 0.071 
which is less than the allowable value of 0.15, the super elevation rate of 0.07 
is safe for the design speed of 60 kmph. 


Total width of pavement at the curve (B) 


7.5m 


Total raise of outer edge of pavement with respect to the center line 

E eB 0.07x7.5 
= — = — =---=0.26m 


, , EN 

Length oftransition curve (L s )= — =0.26xl50=39m 


Length as per IRC empirical formula 


L s 


2.7V 2 

R 


2.7 x 60 2 
200 


48.6m 


Adopt highest value of the three 48.6 m or say 49m 


Design length of transition curve 


49m 



Shift of transition curve 


L 2 S _ 49 2 

TAR _ 24 x 200 


0.50m 


Shift of this curve = 0.50m 


9. What are the factors affecting geometric design? Explain. [A/M 2017] 

The geometric design of highways depends on several design factors. The 
important factors which control the geometric elements are: 

a) Design speed 

b) Topography or terrain 

c) Traffic factors 

d) Design hourly volume and capacity 

e) Environmental and other factors 

Design speed 

* The design speed is the most important factor controlling the geometric 
design elements of highways. 

The design speed is decided taking into account the overall requirements 
of the highway. 

~ In India, different speeds standards have been assigned depending upon 
the importance or the class of the road such as National / State 
Highways, Major / Other district roads and Village roads. 
m The design speed standards are modified depending upon the terrain or 
topography. Similarly urban roads have different design set of design 
speeds. 

Design of almost every geometric design element of a road is dependent 
on the design speed. 



Topography 

* The topography or terrain conditions influence the geometric design of 
highway significantly. 

~ The terrains are classified based on the general slope of the country 
across the alignment, as plain, rolling, mountainous and steep terrain. 

~ The design standard specified for different classes of roads are different 
depending on the terrain classification. 

Traffic factors 

~ The factors associated with traffic that affect geometric design of roads 
are the vehicular characteristics and human characteristics of road 
users. 

It is difficult to decide the design vehicle or the standard traffic lane 
under the ‘mixed traffic flow’ condition prevalent especially on urban 
roads of developing countries like India. 

Design hourly volume and capacity 

The traffic flow or volume keeps fluctuating with time, from a low value 
during certain off-peak hours to the higher flow during the peak hours. 
It will be uneconomical to design the roadway facilities for the peak 
traffic flow or the highest traffic volume. 

~ Therefore a reasonable value of traffic volume is decided for the design 
and this is called the ‘design hourly volume’. 

Environmental and other factors 

~ The environmental factors such as aesthetics, landscaping, air pollution, 
noise pollution and other local conditions should be given due 
consideration in the design of road geometries. 



Some of the arterial high speed highways and expressways are designed 
for higher speed standards and uninterrupted flow of vehicles by 
providing controlled access and grade separated intersections. 

10.The speed of overtaking and overtaken vehicles is 80 and 50 kmph 
respectively. On a two way traffic load, the acceleration of overtaking 
vehicles id 0.99 m / sec 2 . Calculate OSD, mention the minimum length 
of overtaking zone and draw the sketch of overtaking zone with all 
details. [A/M 2017] 

Given data 

Speed of overtaking vehicle (V) = 80 kmph 

= 80/3.6 m/sec 

= 22.22 m/sec 

Speed of overtaken vehicle (Vb) = 50 kmph 

= 50/3.6 m/sec 

= 13.89 m/sec 

Acceleration of overtaking vehicle (a) = 0.99 m/sec 2 

Find 

Overtaking sight distance (OSD) = ? 

Minimum length of overtaking zone = ? 

Solution 

Overtaking sight distance for two way traffic^ d 1 +d 2 +d 3 

=v b t+v b T+2s+vT 

Assume total reaction time of driver (t) = 2 sec 


di=v b t=13.89x2=27.73m 



d 2 =v b T+2s 


s=0.7v b +6=(0.7x 13.89)+6=15.72 3m 



4x15.723 


0.99 


—7.970 sec 


d 2 =(13.89x7.970)+ (2xl5.723) = 110.703+31.446=142.149 m 


d 3 — vT — 22.22 x 7.970 = 177.09 m 
Overtaking Sight Distance (OSD) = di + d 2 + d3 

= 27.73+ 142.149 + 177.09 


= 347.019 m say 347 m 

Minimum length of Overtaking zone = 3 X OSD 

= 3 X 347 = 1041 m 

Desirable length of overtaking zone = 5 X OSD 

= 5 X 347 = 1735 m 





















11.Calculate the safe OSD for a design speed of 90 kmph. Take reaction 
time of driver as 2.5 seconds and acceleration of overtaking vehicle as 
2.5 kmph / sec. Draw OSD zone. [N/D 2017] 

Given Data 

Design Speed (V) = 90 kmph 

Total reaction time of driver (t) = 2.5 sec 

Acceleration of overtaking vehicles (a) = 2.5 kmph / sec 

Find 

Overtaking sight distance (OSD) = ? 

Solution 

Assume speed of overtaken vehicles Vb = V — 16 

= 90-16 

= 74 kmph 

Vb = 74/3.6 m/sec 

= 20.56 m/sec 


Design speed V = 90 kmph 

v = 90/3.6 m/sec = 25 m/sec 


Overtaking sight distance (OSD) = di + d 2 + d.3 

= Vbt + VbT + 2s + vT 
di = Vbt 


20.56X2.5 



= 57.4 m 

cb = VbT + 2s 

s = 0.7vb + 6 


(0.7X20.56) + 6 
20.392 m 


a = 2.5 


kmph 

sec 


— = 0.694 m/sec 3 
3.6 


T 



4 x 20.392 


0.694 


10.841 sec 


= (20.56 X 10.841) + (2 X 20.392) 

= 222.890 + 40.784 

d 2 = 263.674 m 


d3 = vT 

= 25X10.84 

= 271 m 


Assume two way traffic road 
Overtaking sight distance (OSD) 

Minimum length of overtaking zone 


Desirable length of overtaking zone 


51.4 + 263.674+271 
586.074 m say 586m 
3 X OSD 
3X586 
1758 m 
5 X OSD 


5 X 586 = 2930 m 



l^ sSt ^ f. 2 ., ao ^ 


— a. 



.s.p.2. 





Spi. 



CliO Z-°*£ 


12. Calculate the length of transition curve with the following data 
Design speed = 70 kmph, 

Radius of circular curve = 250 m 

Allowable rate of introduction of super elevation = 1 in 150 
Pavement with including extra width = 7.5 m [N/D 2017] 

Given Data 


Total width of pavement (including extra widening) 


7. 


Design speed (V) 


70 kmph 


Radius of Curve (R) 


250 m 


Rate of introduction of super elevation (1 in N) 


1 in 150 


Find 


Length of transition curve (L s ) 


? 


Shift on curve (S) 


? 





















Solution 


Length based on allowable rate of centrifugal acceleration, C 

80 80 


C 


7S + V 75 + 70 


= 0.551 m/sec 2 


As the value of C is between 0.5 and 0.8; C = 0.551 is accepted. 

, 0.0215V 2 0.0215X70 2 

Length of transition curve (L s ) =-—-= _ —=53.63m 


CR 


0.551x250 


Length by allowable rate of introduction of super elevation (E) 


Super elevation (e) = 


V 2 


70 2 


225R 225x250 


=0.087 


As the value is greater than the maximum allowable rate of 0.07, limit 
the value of e = 0.07. Check the safety against traverse skidding by finding the 
friction coefficient developed. 


f= 


V 2 


70 " 


127R 


-e= 


127x250 


0.07=0.0843 


As the friction coefficient developed at the design speed of only 0.0843 
which is less than the allowable value of 0.15, the super elevation rate of 0.07 
is safe for the design speed of 70 kmph. 


Total width of pavement at the curve (B) 


7.5m 


Total raise of outer edge of pavement with respect to the center line 

E eB 0.07x7.5 
= —= —=---=0.26m 


, , EN 

Length oftransition curve (L s )= — =0.26xl50=39m 


Length as per IRC empirical formula 


2.7V 2 _ 2.7 x 70 2 
R 250 


52.92 m 



Adopt highest value of the three 53.63 m or say 54m 


Design length of transition curve = 54m 

13. Explain the factors influencing the geometric design of hill roads. 
[A/M 2018] 

The geometric design of hill roads is generally different from the 
highways in plain terrain. The following factors affect the geometric design of 
highway. 

i. Types of the surface to be provided 

ii. Topography of the area 

iii. Types of the vehicles using the road 

iv. Total daily tonnage 

v. Difficulty in construction 

14. Find the rate of super elevation on a horizontal curve having a radius 
of curvature of 90 m. the design speed is 50 kmph and assume f = 0.15. 
[A/M 2018] 

Given Data 

Radius of Curve (R) = 90 m 

Design Speed (V) = 50 kmph 

Coefficient of friction (f) = 0.15 

Find 

Super elevation (e) = ? 

Solution 

Super elevation 

V 2 

e + f — - 

J Y27R 



50 2 


e + 0.15 = 


127 x 90 


50 2 


127 x 90 


- 0.15 = 0.218 - 0.15 = 0.0687 


Super elevation (e) 


0.0687 


15.Explain in detail about sight distance and its types. [A/M 2018] 


Sight distance 

‘Sight distance’ is the length of road visible ahead to the driver at any 
instance. Sight distance available at any location of the carriageway is the 
actual distance a driver with his eye level at a specified height above the 
pavement surface has visibility of any stationary or moving object of specified 
height which is on the carriageway ahead. The sight distance between the 
driver and the object is measured along the road surface. 

Types of sight distance 


Three types of sight distance situations are considered in the design: 

a) Stopping sight distance (SSD) or absolute minimum sight 
distance. 

b) Safe overtaking sight distance (OSD) or passing sight distance 

c) Safe sight distance for entering into uncontrolled intersections. 

Stopping sight distance (SSD) 


The minimum distance visible to a driver ahead or the ‘sight distance’ 
available on a highway at any spot should be of sufficient length to safely stop 
a vehicle travelling at design speed, without collision with any other 
obstruction. Therefore this stopping sight distance (SSD) is also called absolute 
minimum sight distance. This is also some time called ‘non — passing sight 
distance’. 



The sight distance available to a driver travelling on a road at any 
instance depends on the following factors: 

a) Features of the road ahead 

b) Height of the driver’s eye above the road surface 

c) Height of the object above the road surface. 

Overtaking sight distance (OSD) 

The minimum distance open to the vision of the driver of a vehicle 
intending to overtake slow vehicle ahead with safety against the traffic of 
opposite direction is known as the ‘minimum overtaking sight distance’ (OSD) 
or the ‘safe passing sight distance’ available. 

The overtaking sight distance, OSD is the distance measured along the 
center of the road which a driver with his eye level at 1.2m above the road 
surface can see the top of an object 1.2m above the road surface. 

Intermediate sight distance 

Intermediate sight distance equal to twice SSD may be provided. The 
measurement of the ISD may be made assuming both the height of the eye 
level of the driver and the object to be 1.2 meters above the road surface. 

Therefore, ISD = 2 SSD 

16.Explain shortly various special consideration to be given in design 
and construction of Hilly roads in highway design. [N/D 2018] 

The following aspects are to be considered for the geometric design of highway 
in hilly areas. 

1. Width of carriageway, shoulder, roadway and land 

The following table shows the widths of carriageway, shoulder, roadway 
and land for different types of highways. The following factors are to be 
considered while selecting the widths in the geometric design of hill roads. 



s. 

No. 

Types of 

the 

Highway 

Carriageway 

width (m) 

Shoulder 

width 

(m) 

Roadway 

width 

(m) 

Right way width (m) 

Normal 

Exceptional 

1 

NH and 

SH 






Single 

lane 

3.75 

2 X 1.25 

6.25 

24 

18 

Double 

lane 

7.00 

2X0.90 

8.80 

24 

18 

2 

MDR 

3.75 

2X0.50 

4.75 

18 

15 

3 

ODR 

3.75 

2X0.50 

4.75 

15 

12 

4 

VR 

3.00 

2X0.50 

4.00 

09 

09 


i. The minimum setback for building line beyond the right of way should 
be 5 m in normal cases and 3 m in exceptional situations. 

ii. For roads subjected to heavy rainfall and snowfall, an additional 
roadway width of 1.5m may be increased in MDR, ODR and VR. 

iii. The separate side drains and parapets are to be provided in the roadway 
width. 


2. Stopping Sight Distance (SSD) 

By using the following expression, the SSD for hill road can be 
calculated. 


5 = 


V 2 

254/ 


+ 0.278 Vt 


Where 


V - Design speed of the vehicle (in kmph) 


t - Total reaction time of the driver (in sec) (2 to 3 sec) 




f — Coefficient of friction (Normally 0.4) 


The following table shows the value of SSD for various design speeds on 
hill roads recommended by IRC 


S.No. 

SSD (m) 

Design Speed (kmph) 

1 

20 

20 

2 

30 

25 

3 

35 

30 

4 

50 

40 

5 

70 

50 


3. Overtaking Sight Distance 

By using the following formula, the OSD for hill roads can be calculated. 


Length of OSD = 0.278 V 2 t + 0.278 V 2 T + 0.278RT 


Where, 


V 

Speed of the overtaking vehicle in kmph 

V 2 

Speed of the overtaken vehicle in kmph 

-- 

(V - 16) 

t 

Total reaction time of the driver 

- 

Normally 2 to 3 secs 

s 

Spacing between vehicles (in m) 

- 

(O. 2 V 2 + 6) 

T 

Overtaking time (in secs.) 


1 1.445 


yj a 




a 


Acceleration of overtaking vehicle (in kmph / sec) 


4. Super Elevation 

The super — elevation (e) provided in the hill roads can be calculated as 
follows: 

V 2 

6 ~ 225 R 

Where, 

V - Design speed in kmph 

R - Radius of curve in m 

IRC has recommended that the super - elevation for hill roads should 
not exceed 7% and maximum of 10%. 

5. Camber 


Flatter camber may be provided, if the longitudinal gradient greater 
than 1 in 20. Otherwise, the steeper camber may be adopted given in the 
following tables recommended by IRC. 


S.No. 

Types of Surface 

Camber 

1 

Sub - grades, earth roads and shoulders 

3.0 to 4.0 

2 

Gravel and WBM surface 

2.5 to 3.0 

3 

Thin bituminous surface 

2.5 

4 

High type bituminous surface and C.C surface 

2.0 


6. Gradients 

Ruling gradients of 6% and limiting gradient of 7% may be taken and in 
critical circumstances the maximum gradient of 7% is provided. 




7. Hairpin Bends 

A hair pin bend is defined as the three centered compound curve, which 
is designed as the circular curve with transition curve at each end, located on 
a hill side having the minimum slope with maximum stability. For reducing 
the construction problems and expensive protection works, the hairpin bends 
should be provided with long arms and spacing. 



8. Passing Place 

It is better to provide two passing place in every km length of the road 
for the purpose of a vehicle to pass against a convoy and to toe aside the 
disabled vehicles. The following dimensions should be provided for the passing 
places. 


Length of the inside edge 

- 

30m 

Length of the outside edge 

- 

15m 


Width 


3.5m 























